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Abstract
Background: Neck and shoulder complaints are common in primary care physiotherapy. These patients experience
pain and disability, resulting in high societal costs due to, for example, healthcare use and work absence. Content
and intensity of physiotherapy care can be matched to a patient’s risk of persistent disabling pain. Mode of care
delivery can be matched to the patient’s suitability for blended care (integrating eHealth with physiotherapy
sessions). It is hypothesized that combining these two approaches to stratified care (referred to from this point as
Stratified Blended Approach) will improve the effectiveness and cost-effectiveness of physiotherapy for patients
with neck and/or shoulder complaints compared to usual physiotherapy.
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Methods: This paper presents the protocol of a multicenter, pragmatic, two-arm, parallel-group, cluster randomized
controlled trial. A total of 92 physiotherapists will be recruited from Dutch primary care physiotherapy practices.
Physiotherapy practices will be randomized to the Stratified Blended Approach arm or usual physiotherapy arm by
a computer-generated random sequence table using SPSS (1:1 allocation). Number of physiotherapists (1 or > 1) will
be used as a stratification variable. A total of 238 adults consulting with neck and/or shoulder complaints will be
recruited to the trial by the physiotherapy practices. In the Stratified Blended Approach arm, physiotherapists will
match I) the content and intensity of physiotherapy care to the patient’s risk of persistent disabling pain,
categorized as low, medium or high (using the Keele STarT MSK Tool) and II) the mode of care delivery to the
patient’s suitability and willingness to receive blended care. The control arm will receive physiotherapy as usual.
Neither physiotherapists nor patients in the control arm will be informed about the Stratified Blended Approach
arm. The primary outcome is region-specific pain and disability (combined score of Shoulder Pain and Disability
Index & Neck Pain and Disability Scale) over 9 months. Effectiveness will be compared using linear mixed models.
An economic evaluation will be performed from the societal and healthcare perspective.
Discussion: The trial will be the first to provide evidence on the effectiveness and cost-effectiveness of the
Stratified Blended Approach compared with usual physiotherapy in patients with neck and/or shoulder complaints.
Trial registration: Netherlands Trial Register: NL8249. Officially registered since 27 December 2019. Date of first
enrollment: 30 September 2020. Study status: ongoing, data collection.
Keywords: Physiotherapy, Neck pain, Shoulder pain, Musculoskeletal disorders, Stratified care, Telemedicine,
eHealth, Blended care
Background
Worldwide, 1.3 billion people are affected by musculoskel-
etal (MSK) conditions each year [1]. Two common MSK
presentations are neck and shoulder complaints [1–4]. Pa-
tients with neck and/or shoulder complaints experience
pain and disability, resulting in high societal costs due to
e.g. healthcare usage, work absenteeism and presenteeism
[5]. In the Netherlands, neck and/or shoulder complaints
are predominately managed in primary care by physiother-
apists. The latest clinical guidelines recommend physiother-
apists provide patient-centered care, assess psychosocial
factors, educate patients by providing them with informa-
tion about their condition and self-management options,
and provide treatment that addresses physical activity and
exercise [6–11]. However, like other musculoskeletal condi-
tions, there is no ‘one size fits all’ strategy to manage pa-
tients with neck and/or shoulder complaints [6]. Stratified
care is a model of care with two components; firstly the use
of a tool to identify subgroups of patients and then match-
ing treatments to patients in each subgroup [12]. In this
study, two approaches to stratified care (referred to from
this point as Stratified Blended Approach) are combined to
match subgroups of patients with neck and/or shoulder
complaints to the most appropriate content and intensity
of physiotherapy and mode of care delivery.
Content and intensity of physiotherapy can be matched
to a patient’s risk of persistent disabling pain, using prog-
nostic stratification. Among patients with neck and shoul-
der complaints, the Keele STarT MSK Tool can be used
to classify patients as either having a low, medium, or high
risk of developing persistent disabling pain [13, 14]. The
Keele STarT MSK Tool contains ten items assessing a pa-
tient’s function and disability, pain and coping, comorbid-
ity and the impact of pain. The tool has shown good
predictive and discriminative ability among UK primary
care patients at low, medium and high risk of persistent
disabling pain [15]; (Dunn K, Campbell P, Lewis M, Hill J,
van der Windt D, Afolabi E, et al: Refinement and valid-
ation of the Keele STarT MSK Tool for stratifying patients
with musculoskeletal pain, submitted). Additionally, the
Dutch version of the Keele STarT MSK Tool showed suf-
ficient to good validity and reliability among Dutch pri-
mary care patients with musculoskeletal pain (van den
Broek A, Kloek C, Pisters M, Veenhof C: Validity and reli-
ability of the Dutch STarT MSK tool in patients with mus-
culoskeletal pain in primary care physiotherapy,
submitted). The information about patient subgroups can
be used to match patients to recommended treatment op-
tions. Suitable matched treatment options for patients
with neck and/or shoulder complaints in the Dutch health
system were previously determined in a development and
feasibility study (van Tilburg M, Kloek CJJ, Pisters MF,
Staal JB, Ostelo WJG, Foster NE, et al: Development &
feasibility of a stratified approach integrated with eHealth
in patients with neck and/or shoulder complaints, in prep-
aration). Content and intensity of physiotherapy for pa-
tients at low risk is suggested to focus on reassurance,
information on neck/shoulder complaints, personal eti-
ology, self-management options, and the importance of
adequate physical activity/exercise behavior over 3–4 ses-
sions, on average. Recommended treatment options for
patients at medium risk are similar to low risk and the
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physiotherapist should additionally consider providing
passive or active joint mobilization techniques, in combin-
ation with functional exercise therapy over 6–9 sessions,
on average. Physiotherapy for patients at high risk should
additionally focus on addressing patient’s specific physical
and psychosocial obstacles to recovery, using a combin-
ation of physical and psychological approaches, including
pain education over 8–12 sessions, on average (van Til-
burg M, Kloek CJJ, Pisters MF, Staal JB, Ostelo WJG, Fos-
ter NE, et al: Development & feasibility of a stratified
approach integrated with eHealth in patients with neck
and/or shoulder complaints, in preparation).
Mode of care delivery can be matched to the patient’s
suitability for integrating eHealth with physiotherapy ses-
sions, called blended care [16]. In order to determine
whether a patient is suitable to receive a blended physio-
therapy intervention, the Dutch Blended Physiotherapy
Checklist was recently developed [16]. Items of this check-
list assess the patients’ motivation, safety, equipment,
digital skills, health literacy, self-management, time, and fi-
nancial situation [16]. Recent studies showed the potential
of a blended care delivery mode, in which physiotherapy
sessions are integrated with a smartphone application to
stimulate patients’ ability to manage their musculoskeletal
problems independently, outside of treatment sessions
[17–19]. An example of a blended physiotherapy interven-
tion is e-Exercise, which has been developed for patients
with hip and knee osteoarthritis, low back pain, and re-
cently for neck and/or shoulder complaints (van Tilburg
M, Kloek CJJ, Pisters MF, Staal JB, Ostelo WJG, Foster NE,
et al: Development & feasibility of a stratified approach in-
tegrated with eHealth in patients with neck and/or shoul-
der complaints, in preparation); [17–21]. E-Exercise is an
integration of physiotherapy sessions with a smartphone
application consisting of an information module, an exer-
cise module, and a physical activity module. The e-Exercise
functionalities of these three integrated modules differ per
risk profile (low, medium or high risk of persistent disab-
ling pain) and will be personalized for each individual pa-
tient. In the smartphone application, several behavior
change techniques are used to support self-management
skills and improve adherence to exercise and physical ac-
tivity recommendations. Examples of such behavior change
techniques are goal setting, assignments, tailored feedback,
self-monitoring, visualization of treatment progress and
content matching [22]. These behavior change techniques
were found to enhance healthy behavior, such that recur-
rences of symptoms might be prevented, which might in
turn lead to a reduction in healthcare and societal costs
[21, 23]. However, blended care may not be suitable for
every patient and is not expected to be effective in this sub-
group [16]. Therefore, a paper-based workbook, with simi-
lar content to e-Exercise, was developed for this subgroup
of patients (van Tilburg M, Kloek CJJ, Pisters MF, Staal JB,
Ostelo WJG, Foster NE, et al: Development & feasibility of
a stratified approach integrated with eHealth in patients
with neck and/or shoulder complaints, in preparation).
The Stratified Blended Approach is a model of care that
can assist physiotherapists in deciding the content and in-
tensity as well as mode of care delivery of primary care
physiotherapy (van Tilburg M, Kloek CJJ, Pisters MF, Staal
JB, Ostelo WJG, Foster NE, et al: Development & feasibil-
ity of a stratified approach integrated with eHealth in pa-
tients with neck and/or shoulder complaints, in
preparation). Stratified care has the potential to optimize
treatment benefits and increase the efficiency of health-
care, because patients are more likely to receive treat-
ments that meet their needs and less likely to receive
unnecessary treatments [24, 25]. In the literature, we see a
growing amount of evidence for risk stratification on the
one hand and integrating technology on the other hand.
Integrating knowledge from both of these fields might im-
prove the effectiveness and cost-effectiveness of physio-
therapy care for patients with neck and shoulder
complaints. This paper describes the protocol for a cluster
randomized controlled trial to determine the clinical and
cost-effectiveness of the Stratified Blended Approach
compared to usual physiotherapy. A cluster design will be
used to avoid the risk of contamination between the
Stratified Blended Approach and usual physiotherapy.
– Our primary research aim is to investigate the
clinical effectiveness of the Stratified Blended
Approach for patients with neck and/or shoulder
complaints on pain and disability over 9 months,
compared to usual physiotherapy care.
Our secondary aims are twofold:
– to investigate the effectiveness of the Stratified
Blended Approach for patients with neck and/or
shoulder complaints on pain intensity, health-related
quality of life, illness perceptions, self-management
skills, physical activity, exercise adherence, self-
perceived effect and satisfaction at 3 and 9 months,
compared to usual physiotherapy care;
– to investigate the cost-effectiveness and cost-utility
of the Stratified Blended Approach for patients with
neck and/or shoulder complaints, compared to usual
physiotherapy care.
Methods
Trial design and setting
A multicenter, pragmatic, two-arm, parallel-group, cluster
randomized controlled trial (cRCT) will be conducted.
This trial is approved by the Medical Ethics Committee
Utrecht, the Netherlands, with number: NL69963.041.19.
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Physiotherapists will be recruited from primary care
physiotherapy practices across all regions of the
Netherlands. After recruitment, participating primary care
physiotherapy practices will be randomized to either offer
the Stratified Blended Approach or usual physiotherapy
care by a computer-generated random sequence table
generated using SPSS, using 1:1 allocation. The number of
physiotherapists per participating practice (1 or > 1) will
be used as a stratification variable. Although individual
physiotherapists are identified as clusters, physiotherapy
practices will be the unit of randomization in order to pre-
vent contamination between physiotherapists. Due to the
nature of the intervention, blinding of participating phys-
iotherapists is not possible. However, neither physiothera-
pists nor patients in the usual physiotherapy care arm will
be informed about the Stratified Blended Approach arm.
A flowchart of the trial design is shown in Fig. 1.
Participants
Physiotherapists
Patients will be identified, invited and recruited by
Dutch primary care physiotherapy practices. We aim to
recruit 92 physiotherapists. Physiotherapists are eligible
to participate if they have at least four patients with neck
and/or shoulder complaints applying to them for physio-
therapy treatment each month. All physiotherapists, re-
gardless of experience and education or specialization
(e.g. manual therapy), are eligible to participate. Physio-
therapists in the usual physiotherapy arm will receive
half a day of training in relevant physiotherapy practice
guidelines [9–11] and research procedures. Physiothera-
pists in the Stratified Blended Approach arm will be
trained to deliver the Stratified Blended Approach, rele-
vant guidelines [9–11], and research procedures during
two training sessions, both of which will last half a day.
Patients
We aim to recruit a total of 238 patients. Recruitment of
patients with neck and/or shoulder complaints will start
in September 2020 after randomization of the physiother-
apy practices and training of the participating physiothera-
pists. All patients of 18 years or older consulting for
physiotherapy treatment for neck and/or shoulder com-
plaints will be orally informed about the study and invited
Fig. 1 Flowchart of the trial design
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to participate in the data collection by the participating
physiotherapy practice staff, during the initial registration.
Every patient that is potentially eligible and is not invited
by the physiotherapy practice staff during the initial regis-
tration, will be invited by participating physiotherapists. If
the patient is willing to participate in the data collection,
contact details will be sent to the researcher using a se-
cured messenger service, called Siilo (www.siilo.com).
Subsequently, the researcher will email an information let-
ter to the patient, containing information about the pur-
pose of the study, trial design, study procedures, potential
risks and benefits of participation, expected duration of
the study, confidentiality of personal identification and
demographic data, so that it is clear that participation in
the data collection is entirely voluntary. There are two dif-
ferent information letters. All are informed they are being
invited to participate in a randomized trial. Patients in the
Stratified Blended Approach arm will be informed about
the content of the Stratified Blended Approach. Patients
in the usual physiotherapy arm will not be informed about
the content of the Stratified Blended Approach. After at
least four hours, the researcher will contact the patient by
phone and will check whether the patient read and under-
stood the information letter. If so, the researcher performs
an initial screening of the in- and exclusion criteria. Pa-
tients with sufficient mastery of the Dutch language are
eligible for participation if they suffer from subacromial
complaints, biceps tendinosis, shoulder instability or non-
specific musculoskeletal complaints of the neck and/or
shoulder (not caused by acute trauma (fracture or rupture)
or by any systemic disease) [7, 26]. Patients will be ex-
cluded if there are neck and/or shoulder complaints
caused by a specific pathology (e.g. shoulder pain with loss
of active and passive range of motion [frozen shoulder],
vertebral fracture, tendon rupture, Parkinson’s disease,
herniated nucleus pulposus, cervical stenosis), except for
subacromial impingement, biceps tendinosis and shoulder
instability. After the researcher informed the participant
about the study and assessed his or her eligibility, an in-
formed consent form will be sent to the participant by
mail and the first assessment will be sent by the researcher
to the patient as soon as possible. After consenting to par-
ticipate in the data collection, the patient is asked to send
the signed informed consent form back to the research
team by mail. An extra check of the in- and exclusion cri-
teria will be performed by the physiotherapist during the
first physiotherapy session. There will not be a maximum
number of patients that can be included per physiotherap-
ist. Concomitant interventions are permitted.
Intervention
The stratified blended approach
The Stratified Blended Approach was developed in close
collaboration with physiotherapists, patients, a commercial
eHealth entrepreneur and health researchers, using the
Center for eHealth Research (CeHRes) Roadmap (van Til-
burg M, Kloek CJJ, Pisters MF, Staal JB, Ostelo WJG, Fos-
ter NE, et al: Development & feasibility of a stratified
approach integrated with eHealth in patients with neck
and/or shoulder complaints, in preparation); [27]. During
the development process, the feasibility of the Stratified
Blended Approach was evaluated in a feasibility study and
several amendments were made where necessary (van Til-
burg M, Kloek CJJ, Pisters MF, Staal JB, Ostelo WJG, Fos-
ter NE, et al: Development & feasibility of a stratified
approach integrated with eHealth in patients with neck
and/or shoulder complaints, in preparation).
In the Stratified Blended Approach arm, physiotherapists
will use two stratification tools and two practical tools to
match the content and intensity as well as mode of care de-
livery to the patient. These tools will be integrated with
physiotherapy treatment sessions (either face-to-face or
video consults) and are explained in detail in the following
paragraphs [6–11]. First, physiotherapists will use the two
stratification tools to decide the most suitable content and
intensity as well as mode of care delivery of primary care
physiotherapy. The content and intensity of physiotherapy
will be matched to the patient’s risk of persistent disabling
pain as assessed with the Keele STarT MSK tool (i.e. low,
medium, or high risk). The mode of care delivery of
physiotherapy will be matched to the patient’s suitability
for blended care as assessed using the Dutch Blended
Physiotherapy Checklist (i.e. yes or no). Thus, theoretically
there are six matched treatment groups, see Fig. 1. Second,
physiotherapists will receive two practical tools to provide
the matched treatment of the mode of care delivery. If con-
sidered suitable for blended care, the patient will receive a
blended physiotherapy treatment (e-Exercise), in which a
smartphone app with personalized information, exercises
and physical activity modules is an integral part of physio-
therapy treatment. If patients are considered not to be suit-
able for blended care, a paper-based workbook with a
similar content will be integrated with physiotherapy treat-
ment. A more detailed description of both modes of care
delivery is provided below. The content and intensity of
the physiotherapy treatment was based on the Dutch
KNGF Clinical Practice Guidelines for Physiotherapy Neck
pain, complaints of the arms, neck and/or shoulder
(CANS) and Subacromial Complaints [9–11]. An overview
of the Stratified Blended Approach is Provided in Table 1.
Matched treatment: content and intensity of physiotherapy
care
At the start of the first physiotherapy session patients will
complete the Keele STarT MSK Tool, for the physiotherap-
ist to help decide what the content and intensity of the
physiotherapy treatment should be. The content and inten-
sity of physiotherapy will be matched to the patient’s risk of
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persistent disabling pain (i.e. low, medium or high risk). In
addition, content of the e-Exercise functionalities will also
differ per risk profile. A more detailed description about
the content and intensity per risk level can be found below.
Low risk
Patients classified as being at ‘low risk’ of persistent dis-
abling pain will be offered 3 to 4 physiotherapy sessions,
on average. During the first session, the physiotherapist
will reassure the patient, provide information about neck
and/or shoulder complaints (and the personal etiology),
will discuss some self-management options as well as
the importance of adequate physical activity behavior.
Furthermore, the patient will be instructed on three to
four personalized home-based exercises that fit the pa-
tients’ functional status. The information module within
the e-Exercise module will function as a knowledge-
based platform through which the neck and/or shoulder
self-management information is directly available for the
patient. During the final session, the patient’s progress
will be evaluated and recommendations will be given to
prevent recurrent episodes of neck and/or shoulder
complaints and on how to maintain or improve their
physical activity level.
Medium risk
Patients classified as being at ‘medium risk’ of persistent
disabling pain will be offered 6 to 9 physiotherapy ses-
sions, on average. In addition to the content of the “low
risk” protocol, physiotherapists can consider to provide
additional evidence-based interventions as recom-
mended by the guidelines of the Royal Dutch Associ-
ation for Physiotherapy (KNGF). Examples of such
exercises are passive or active joint mobilization in com-
bination with functional exercise therapy [9–11]. During
each physiotherapy session, the physiotherapist will
evaluate the progress of the patient using the e-Exercise
app or a paper-based workbook to optimize physiother-
apy care. The information module of the e-Exercise
module will contain 12 weekly varying self-management
themes, including assignments. The physical activity
module can be used to maintain or enhance patients’
level of physical activity. Depending on the patients’
Table 1 Overview of the Stratified Blended Approach
Phase 1: Stratification
Content and intensity of treatment will be matched to
the patient’s risk of persistent disabling pain (low, medium
or high, assessed with the Keele STarT MSK Tool)
Mode of care delivery will be matched to the patient’s suitability for blended care
(yes or no, assessed with the Dutch Blended Physiotherapy Checklist)
Phase 2: Matched treatment per risk profile
Low risk Medium risk High risk
Physiotherapy sessions (either face-to-face or video consults)
Aim Improvement of a patient’s pain and disability
Intensity 3–4 sessions (3 weeks) 6–9 sessions (12 weeks) 8–12 sessions (12 weeks)
Content Reassurance, provide information on neck/
shoulder complaints, personal etiology,
self-management options and the import-
ance of adequate physical activity/exercise
behavior
Similar to low risk and additionally:
consider to provide passive or active joint
mobilization techniques, in combination
with functional exercise therapy
Similar to medium risk and additionally:
consider to address patient’s specific
physical and psychosocial obstacles to
recovery, using a combination of physical
and psychological approaches, including
pain education
Integration Motivate to read information modules and
do home-based exercises independently
Per session evaluation of progress with e-Exercise app or paper-based workbook to
optimize physiotherapy treatment
Evaluation A final session to evaluate the progress and give recommendations to prevent recurrent episodes of neck/shoulder complaints and
maintain or improve the physical activity level
Patient’s home setting: e-Exercise app or paper-based workbook
Information
module
3 weekly varying information themes,
including assignments to stimulate self-
reflection
12 weekly varying information themes, including assignments to stimulate self-
reflection, about the etiology of neck/shoulder complaints, physical activity, patient ex-
periences, pain management, and psychosocial factors related to neck/shoulder com-
plaints. The information and order of the information provided will differ per risk
profile and working status
Exercise
module




Recommendations The patient chooses one physical activity
and sets a goal to maintain or enhance
the level of that physical activity. A graded
activity functionality can be activated.
The patient chooses one physical activity
and sets a goal to enhance the level of
that physical activity, by using a graded
activity functionality.
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pain-related fears for physical activity, the graded activity
functionality can be activated.
High risk
Patients classified as being at ‘high risk’ of persistent disab-
ling pain will be offered 8 to 12 physiotherapy sessions, on
average. In addition to the content of the “medium risk”
protocol, the physiotherapist is asked to focus on address-
ing physical and psychosocial obstacles to recovery by using
a combination of physical and psychological approaches,
including pain education and graded activity principles.
The information module of the e-Exercise module will con-
tain the same 12 themes as the ‘medium risk’ protocol, but
the themes focusing on psychosocial obstacles will be ad-
dressed in an earlier stage. The physical activity module of
e-Exercise and the workbook will be used to enhance the
level of physical activity, by using graded activity principles.
Matched treatment: mode of care delivery
During the first physiotherapy session, the physiotherapist
will use the Dutch Blended Physiotherapy Checklist to de-
cide whether blended care or the integration of a paper-
based workbook is the most suitable mode of care delivery
of primary care physiotherapy for an individual patient.
Blended care
If considered suitable for blended care, the patient will
be offered a blended physiotherapy treatment (e-Exer-
cise) in which a smartphone app with e-Exercise mod-
ules plays an integral part of physiotherapy treatment.
The functionalities of e-Exercise neck, shoulder, and
neck and shoulder are integrated within the MijnZor-
gApp (www.mijnzorgapp.com), which was developed by
The Health Train BV. A photo of a person using one of
the e-Exercise modules of MijnZorgApp is provided in
Appendix 1. The e-Exercise functionalities consist of
three integrated modules, which differ per risk profile
and will be personalized for each individual patient:
1. An information module, containing various themes
(text and video or animation), including assignments
to stimulate self-reflection, about the etiology of neck
and shoulder complaints, physical activity, patient ex-
periences, pain management, and psychosocial factors
related to neck and/or shoulder complaints. Which
information is provided to the patient, and the order
of the provided information, will differ per risk profile
and working status. Reminders will be sent each week;
2. An exercise module, including video-instructed ex-
ercises. The physiotherapist chooses exercises that
fit the patient’s specific functional status best. The
app will send daily push-reminders to the patient to
remind them to exercise. These reminders can be
adjusted to fit the patient’s schedule. After each
exercise session, the patient will evaluate the session
in the app. Both patients and physiotherapists will
be able to monitor the progress;
3. A physical activity module, containing physical
activity recommendations. At the start of the
treatment, the patient chooses one physical activity
(e.g. walking, running or cycling) and sets a long-
term goal for that physical activity. The physical ac-
tivity module can be used to maintain or enhance
the patients’ level of physical activity. If the patient
experiences pain-related fears for physical activity, a
graded activity functionality can be activated [17,
19, 28]. Within this functionality, physical activity
recommendations gradually increase to reach pa-
tients’ individual goal within 12 weeks. Patients will
be able to self-monitor their progress and will re-
ceive tailored feedback about their actual amount of
physical activity compared to their recommended
amount of physical activity.
Several behavior change techniques are used in the e-
Exercise modules: goal setting (behavior and outcome),
review behavior goals, feedback on behavior, self-
monitoring of behavior, social support, instruction on how
to perform the behavior, information about health conse-
quences, information about emotion consequences, demon-
stration of the behavior, social comparison, prompts/cues,
reduce prompts/cues, behavior substitution, habit forma-
tion, generalization of target behavior, graded tasks, credible
source, social reward, social incentive, reduce negative emo-
tions, restructuring the social environment, framing/refram-
ing and focus on past success [22]. For example, the e-
Exercise modules ask patients to plan exercises and physical
activities and patients’ can monitor their treatment progress.
After concluding physiotherapy treatment, agreements
made between patients and physiotherapists are noted and
six messages will be sent to remind patients on the lessons
learnt (every 14 days). Additionally, the e-Exercise informa-
tion modules will stay available for patients to review or re-
read information at any time without an end-date.
Paper-based workbook
If a patient is considered more suitable for the integration of
a paper-based workbook rather than blended care, a paper-
based workbook will be integrated in the physiotherapy
treatment. The paper-based workbook consists of similar
modules as the e-Exercise app, but without the video’s, ani-
mations, reminders, tailored feedback, and content match-
ing on risk profile, type of complaints, and work status.
Usual physiotherapy
Patients in the usual physiotherapy arm will be offered
usual care (face-to-face or video consults) based upon
the recommendations of the guidelines of the Royal
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Dutch Association for Physiotherapy (KNGF) [9–11].
The clinical guideline for neck pain, recommends
categorization in treatment profiles based on: the sever-
ity of neck pain, the course of symptoms (normal vs. de-
viant) and the presence of psychosocial factors that may
hinder recovery (yes vs. no). The clinical guideline for
complaints of the arm, neck and shoulder recommends
categorization in treatment profiles based on the region
of complaints indicated as most problematic and the re-
lationship between complaints, disabilities, and limita-
tions in participation. No stratification tools to identify
patient subgroups and subsequently match them to a
treatment are recommended by the guidelines.
Measurements
The first assessment will consist of a digital questionnaire
and an accelerometer that will be sent to the patients by
mail and patients will be asked to wear the accelerometer
for five consecutive days. Patients will be asked to complete
the first questionnaire within one week after starting
physiotherapy treatment. If the first digital questionnaire is
not completed within two weeks after starting physiother-
apy treatment, clinical data of the first questionnaire will
not be included in the data analyses. Outcomes will be
measured again at 3, 6, and 9months after the first digital
questionnaire was completed. A schedule of enrolment, in-
terventions, and assessments is provided in Table 2.
Primary outcome
– The primary outcome is the combined region-
specific pain and disability score over 9 months
follow-up, assessed by the Neck Pain and Disability
Scale (NPAD) [29–33] for patients with primarily
neck complaints and by the Shoulder Pain and Dis-
ability Index (SPADI) [34–38] for patients with pri-
marily shoulder complaints. A higher total score (0–
100 for both outcome measures) indicates increased
pain and functional limitations [29–38].
Secondary outcomes
– The average neck and/or shoulder pain intensity in
the last week will be measured with an 11-point Nu-
meric Rating Scale (NRS) (0 = no pain; 10 = worst
pain imaginable) [39, 40].
– Health-related quality of life will be measured with
the 36-Item Short Form Health Survey (SF-36). The
questionnaire consists of eight subscales (physical
functioning, role limitations due to physical health,
role limitations due to emotional problems, energy/
fatigue, emotional well-being, social functioning,
pain (over the last 4 weeks) and general health).
Scores for each subscale will be calculated (0–100).
Higher scores indicate a better health-related quality
of life [41–45].
– Illness perceptions will be measured with the Brief
Illness Perception Questionnaire (IPQ-K) [46–48].
This questionnaire is an eight-item scale designed to
assess cognitive and emotional representations of ill-
ness on an ordinal scale (0–10) [46–48].
– Patients’ self-management skills are assessed with
the Dutch version of the short form Patient Activa-
tion Measure (PAM13-Dutch) [49, 50]. The PAM
13-Dutch is a reliable 13-item instrument and as-
sesses patient (or consumer) self-reported know-
ledge, skills and confidence for self-management of
one’s health or chronic condition. The answering
categories per item are 4-point Likert scales, ranging
from totally disagree to totally agree and ‘non applic-
able’. A higher score (range 1–100) indicates a
higher level of self-management [49, 50].
– Physical activity will be objectively measured with an
Actigraph accelerometer [51, 52]. The Actigraph
accelerometer is a reliable tool for measuring
physical activity in adults. Participants will be
instructed to wear the accelerometer on their waist
for five consecutive days, except when sleeping,
showering, bathing or swimming [51, 52]. Average
amount of moderate or vigorous physical activity
(MVPA) per day will be calculated.
– Exercise adherence will be measured with the
Exercise Adherence Rating Scale (EARS) [53]. The
EARS is a 6 item self-reported questionnaire with
items scored on a 5-point Likert scale (0 = com-
pletely agree; 4 = completely disagree). A higher
score (0–24) indicates better adherence to pre-
scribed home-exercises [53].
– Global perceived effect will be measured with the 7-
point Likert global perceived effect score (GPE) [54,
55]. Categories 1 (very much improved) to 3 (a little
improved) are classified as ‘improved’. Categories 4
(no change) to 7 (very much worse) are classified as
‘not improved’ [54, 55].
– Satisfaction with treatment outcome will be
measured with an 8-point Likert scale question: ‘All
things considered, how satisfied are you with the re-
sults of the treatment for your neck and/or shoulder
complaints? (1 = extremely satisfied, 7 = extremely
dissatisfied, 8 = not sure/no opinion) [56].
Demographic and clinical characteristics
– Patient characteristics are only collected in the first
questionnaire and include various demographic and
clinical variables, including: age, sex, education level,
duration of complaints, weight, height and co-
morbidities.
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– The risk of persistent disabling pain will be assessed
with the Keele STarT MSK Tool (i.e. low, medium
or high risk) [13]. The Keele STarT MSK Tool is
part of the Stratified Blended Approach and is
additionally included in the data collection.
– As part of the data collection, patients’ suitability for
e-Exercise (blended care) will be measured by two
self-developed questions as substitute for the Dutch
Blended Physiotherapy Checklist. It is not possible
to use the Dutch Blended Physiotherapy Checklist as
Table 2 Schedule of enrolment, interventions, and assessments
Indicator for a period; duration of the period is not limited to length of the indicator and dependent on duration of interventions, *: Neck Pain and
Disability Scale or Shoulder Pain and Disability Index, †: EuroQol group instrument with 5 levels of severity for each of the 5 dimensions, ‡: Numeric Rating Scale
Pain, §: 36-Item Short Form Health Survey, ¶: Brief Illness Perception Questionnaire, #: Dutch version of the short form Patient Activation Measure, **: ActiGraph
accelerometer, ††: Exercise Adherence Rating Scale, ‡‡: Global Perceived Effect scale, ¶¶: 8-point Likert scale
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a measurement instrument, because it is a tool to
guide physiotherapists in their clinical reasoning while
setting up a personalized blended physiotherapy treat-
ment, thus not a patient reported outcome measure
[16]. Therefore, this cannot be measured in the control
arm. The following questions will be assessed in the
first questionnaire: ‘Do you own a smartphone or tab-
let? (yes/no)’ and ‘How many apps do you use regularly
(weekly) on your smartphone or tablet? (none/1-3 per
week/4-10 per week/more than 10 per week)’.
Other outcomes
– The content and intensity of physiotherapy care will
be measured by a case report form, filled out by the
physiotherapist at the end of the treatment period
or after 3 months. Information of the risk of
persistent disabling pain, the suitability for blended
care, the physiotherapists diagnosis of the presenting
problem, the number of physiotherapy sessions,
deviations from the study protocol, and content of
the physiotherapy sessions will be collected.
– Adherence to the smartphone app with e-Exercise
modules in the Stratified Blended Approach arm will
be assessed by quantitative data on the usage. These
data will automatically be stored on the backend of
the app. Additionally, all patients will be asked in
the first follow-up questionnaire whether they re-
ceived and used an app or paper-based workbook as
part of their physiotherapy treatment.
Sample size
The sample size calculation is based on the primary out-
come, i.e. the difference in the combined pain and disability
score over 9months between Stratified Blended Approach
and usual physiotherapy. The sample size is based on the
following assumptions: an intracluster correlation coeffi-
cient (ICC) of 0.04, 92 clusters in the analyses (individual
physiotherapists), an average cluster size of 3, an expected
between arm difference in effectiveness of > 10 out of 100
in half of the study population, a power of 80%, and an
alpha of 0.05 [57]. An ICC of 0.04 was used, because of the
expected clustering effect in the outcomes of patients being
treated by the same physiotherapist [58–60]. ICCs smaller
than 0.05 are typical for patient-reported outcomes in clus-
ter randomized trials [57]. With an ICC of 0.04, and a clus-
ter size of 3, the number of physiotherapists required to
achieve the adequate statistical power is 92. We assume a
minimal clinical important difference of > 10 points on the
Neck Pain And Disability Scale and Shoulder Pain And
Disability Index, but expect superiority of the Stratified
Blended Approach over usual care in only half of the trial
population (i.e. those patients at medium and high risk of
persistent disabling pain), and a standard deviation of 20
[29, 30, 34]. That would lead to an overall effect size of 0.25
between the two arms. We assume no clinically important
between arm difference in patients at low risk of persistent
disabling pain, given they are expected to have a good prog-
nosis irrespective of treatment. After the first measurement,
we will perform three follow-up measures. Having three re-
peated measures decreases the required sample size by 27%
[61]. Based on these assumptions, a total sample size of 202
patients is needed. After correcting for an expected loss to
follow-up rate of 15% over 9months follow-up, a total of
238 patients (119 per arm) is needed.
Statistical analysis
Descriptive statistics (e.g. means and proportions) will be
used to describe the main characteristics of the clusters
(physiotherapists) and trial population (patients). Main
characteristics of physiotherapists that will be reported
are: sex, age, specialization, years of experience working as
a physiotherapist, employment status and physiotherapy
practice size (where the physiotherapist is employed). The
demographic and clinical variables of patients collected in
the first questionnaire will be compared (frequencies, t-
test, Chi-square) to investigate potential selection bias.
Demographic and clinical baseline measurements of drop-
outs and non-dropouts will be compared to investigate se-
lective attrition. All analyses will be performed according
to the ‘intention-to-treat’ principle. Any missing values
will be imputed using ‘Multivariate Imputation by
Chained Equations’, under the assumption that data are
missing at random [62]. Additionally, per protocol ana-
lyses will be carried out with people that adhered to the
paper-based workbook or the e-Exercise modules. Partici-
pants will be considered adherent to the e-Exercise mod-
ules if they log in once a week in 67% (low risk) or 75%
(medium/high risk) of the total amount of weeks (low risk:
2 weeks over 3 weeks; medium/high risk: 9 weeks over 12
weeks). Participants will be considered to adhere to the
paper-based workbook if they self-report that they used
the workbook at T1 (3months). For all analyses, a two-
tailed significance level of p < 0.05 is considered to be sta-
tistically significant. Statistical analysis will be performed
using IBM SPSS or statistical package STATA. During the
analyses, the researchers will be blinded to group alloca-
tion until the entire analysis will be completed.
Effectiveness
To determine the overall effectiveness of the Stratified
Blended Approach on the combined pain and disability
score compared to usual physiotherapy in neck/shoulder
patients over 9months, differences in change scores per
arm and time period will be estimated using linear mixed
models (LMM) with random effects to control for correl-
ation within patients and physiotherapists. Three levels
are identified, consisting of repeated measurements (level
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1), nested within patients (level 2), nested within physio-
therapists (level 3). Analyses will be controlled for the
values at the first measurement and possible confounders,
e.g. age, sex, type of complaints (neck or shoulder), pain
intensity, duration of complaints [63–68].
The statistical analysis of the primary outcome will also
be used for the secondary outcomes. However, for dichot-
omous outcomes, a generalized mixed model (logit link)
with the same multilevel structure will be used. Exploratory
subgroup analyses will be carried out for hypotheses gener-
ating purposes. These analyses will be carried out to inves-
tigate potential differences in effectiveness within the three
prognostic risk groups (low, medium or high risk), groups
based on suitability for blended care (yes or no) and the
neck and shoulder patient groups (self-reported domin-
antly apparent neck complaints or shoulder complaints).
Economic evaluation
A cost-utility analysis (CUA) will be performed for QALYs
and a cost-effectiveness analysis (CEA) for the combined
region-specific pain and disability score, both of which will
be performed from the societal and the healthcare per-
spective. From the societal perspective all costs will be
taken into account, irrespective of who pays or benefits,
whereas solely those borne by the healthcare sector will be
included if the healthcare perspective is applied [69].
Identification, measurement and valuation of costs
Societal costs will be determined during 9 months of
follow-up by gathering information on the patients’
healthcare utilization, informal care, and (unpaid) prod-
uctivity losses due to neck and/or shoulder complaints.
This will be done by asking patients to complete three
retrospective 3-monthly cost questionnaires. The costs
of the Stratified Blended Approach will be estimated
using a bottom-up micro costing approach [70]. Other
kinds of healthcare utilization will include the use of pri-
mary care, secondary care, and medication, all of which
will be assessed by the cost questionnaires and valued
using Dutch standard costs [69]. If standard costs are
unavailable, prices reported by professional organiza-
tions will be used. Unpaid productivity losses will be val-
ued using a Dutch recommended shadow price [69].
Paid productivity losses comprise of both sickness ab-
sence and presenteeism (i.e. reduced productivity while
at work). Sickness absence will be assessed using a modi-
fied version of the iMTA Productivity Cost Question-
naire (iPCQ) and will be valued in accordance with the
“Friction Cost Approach” (FCA), with a friction period
of 12 weeks and gender-specific price weights [69, 71].
The FCA assumes that production losses are confined to
the “friction period” (i.e. time needed to replace a sick
worker) [71]. The participants’ level of presenteeism will
be measured using the “World Health Organization –
Work Performance Questionnaire” as well as a modified
version of the iPCQ, and will be valued using gender-
specific price weights as well [69, 71–73].
Measurement and valuation of health-related quality
of life Health-related quality of life will also be mea-
sured with the EQ-5D-5L. This questionnaire measures
the patients’ severity of complaints on five health do-
mains (i.e. mobility, self-care, usual activities, pain/dis-
comfort and anxiety/depression) [74]. For the cost-utility
analysis (CUA), EQ-5D-5L health states will be con-
verted into utility values using the Dutch tariff [75]. Sub-
sequently, Quality Adjusted Life Years (QALYs) will be
estimated by multiplying the duration a patient spent in
a certain health state by the utility value of that health
state, using linear interpolation between measurement
points.
Statistical analyses For the CUA and CEA, missing cost
and effect data will be imputed using multivariate imput-
ation by chained equations [62]. The results of the im-
puted datasets will be pooled using Rubin’s rules [62].
LMM, with the same three-level structure as described
above, will be performed to estimate cost and effect dif-
ferences [76]. In order to account for the highly skewed
nature of cost data, bias-corrected and accelerated boot-
strapping with 5000 replications will be used to estimate
95% confidence intervals around the cost differences. In-
cremental Cost-Effectiveness Ratios (ICERs) will subse-
quently be calculated by dividing the differences in costs
between study groups by the difference in QALYs for
the CUA and the differences in the region-specific pain
and disability score for the CEA. The uncertainty
surrounding the ICERs will be graphically illustrated by
plotting bootstrapped incremental cost-effect pairs on
cost-effectiveness planes [77]. Moreover, cost-effectiveness
acceptability curves (CEACs) will be constructed to pro-
vide a summary measure of the joint uncertainty of costs
and effects. CEACs indicate the probability of the
intervention being cost-effective in comparison to
usual care at different willingness-to-pay values [78].
To test the robustness of the study results, several
sensitivity analyses will be performed.
Discussion
This paper describes the design and methods of a multi-
center, pragmatic, two-arm, parallel-group, cluster ran-
domized controlled trial on the effectiveness and cost-
effectiveness of the so-called Stratified Blended Ap-
proach for people with neck and/or shoulder complaints,
compared to usual primary physiotherapy care. Physio-
therapy has shown to be effective in reducing pain and
disability in patients with neck and/or shoulder com-
plaints [6–11]. However, like other musculoskeletal
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conditions, there is no ‘one size fits all’ strategy to man-
age patients with neck and/or shoulder complaints [6].
Subgroups of patients can be identified who are at low,
medium or high risk of persistent disabling pain [13, 14]
and who are or are not suitable for the integration of a
digital application with physiotherapy treatment, called
blended care [16]. Identification of these subgroups can
help to match the patient to the most appropriate con-
tent and intensity of physiotherapy, as well as the most
appropriate mode of care delivery. Integrating know-
ledge from both prognostic risk stratification and
blended care might improve the clinical effectiveness
and cost-effectiveness of physiotherapy care for patients
with neck and shoulder complaints.
Although the trial is well-planned, there will be several
operational challenges. The first challenge will be the ac-
tive participation of physiotherapy practices in the recruit-
ment of patients with neck and/or shoulder complaints to
achieve the desired statistical power. During the previous
feasibility study (van Tilburg M, Kloek CJJ, Pisters MF,
Staal JB, Ostelo WJG, Foster NE, et al: Development &
feasibility of a stratified approach integrated with eHealth
in patients with neck and/or shoulder complaints, in prep-
aration) we noticed that recruitment of patients was
slower than expected. The reasons for this were not re-
lated to the interventions, but various procedural and en-
vironmental barriers were reported by the participating
physiotherapists, that can be overcome in this trial. Be-
cause recruitment will predominately be done physiother-
apy practice staff, they will be involved and receive clear
instructions from the researchers. Furthermore, all physio-
therapists will be sent weekly updates by email on the trial
progress and latest news and a researcher will have phone
contact with poorly recruiting physiotherapy practices to
try to address recruitment barriers. Additionally, the
COVID-19 crisis in 2020 is another barrier for the recruit-
ment of patients. We already had to a delay the start of
the trial and various contact restrictions might lead to a
slower recruitment of patients.
A second challenge will be the change in existing work
routines of physiotherapists. A previous study showed
that implementing a blended intervention into daily rou-
tine is a complex process [17]. Since the blended inter-
vention is only one of the components of the Stratified
Blended Approach, an extensive training will be essential
to ensure that physiotherapists will work according the
Stratified Blended Approach as planned. Physiotherapists
will receive two training sessions on how to work ac-
cording to the Stratified Blended Approach, both of
which will last half a day. During and in-between these
training sessions, physiotherapists will gain experience
with working according to the Stratified Blended Ap-
proach. Besides the training, physiotherapists will be
supported with an informative factsheet containing a
summary of the Stratified Blended Approach, a copy of
the full written protocol and they will be contacted
weekly to ask whether they have questions regarding the
Stratified Blended Approach. Additionally, since the
COVID-19 crisis in 2020, physiotherapists have been
predominately working remotely. We therefore expect
physiotherapists to be more open to blended care.
The design of this trial has several strengths. The first
strength is the pragmatic design of the trial. Traditional
exploratory trials test whether an intervention is benefi-
cial in an ideal situation, whereas pragmatic trials assess
the effect of offering the intervention in real clinical
practice, increasing the external validity of the results
[79, 80]. Pragmatic trials work especially well for com-
plex interventions, such as the Stratified Blended Ap-
proach [79, 80]. The broad inclusion criteria for
physiotherapists and patients, the relatively high level of
flexibility to personalize the components of the Stratified
Blended Approach opposed to a strict protocol-based
intervention, the range of outcome measures which are
directly relevant to participants and comparison to usual
physiotherapy will lead to evidence about the real-world
effectiveness of this new Stratified Blended Approach [80].
Another strength is the use of cluster randomization
at the level of the physiotherapy practice. This design
ensures that each participating physiotherapist within a
physiotherapy practice delivers either the Stratified
Blended Approach or usual physiotherapy, thereby
avoiding the risk of contamination [81]. However, due to
the lack of blinding of physiotherapists, cluster
randomization might lead to selection bias [81]. How-
ever, since recruitment of patients in the trial will pre-
dominately be done by the other physiotherapy practice
staff after first patient contact and not directly by the
participating physiotherapists, we hope to minimize any
selection bias. To check whether problematic selection
bias has occurred after all, demographic and other char-
acteristics of participants will be compared between the
intervention and control arm. Cluster randomized trials
also require more patients to achieve sufficient power
and require more complex analyses [57]. However, in
the sample size calculation and statistical analyses, these
design effects have been and will be taken into account.
This cluster randomized controlled trial is the first to
investigate the clinical effectiveness and cost-
effectiveness of a stratified approach integrated with
eHealth for people with neck and/or shoulder com-
plaints, compared to usual physiotherapy care. There-
fore, it will provide clinically relevant results regarding
effectiveness of the Stratified Blended Approach com-
pared to usual care on patients’ pain and disability.
These results will help to understand whether integrat-
ing stratified care with eHealth in physiotherapy care
can improve outcomes for patients.
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